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SOIL ALKALI STUDIES 
Quantities of Alkali Salts which Prohibit the Growth 
of Crops in Certain Utah Soils. 
BY F. S. HARRIS. * 
I. INTRODUCTION 
One of the most important questions connected with the 
alkali problem in arid soils is the determination of the limits of 
toxicity of the various alkali salts. The author! has already 
presented considerable data on this subject; but most of these 
results were obtained under laboratory conditions and with the 
use of pure ~alts. The combinations of salts used were not 
necessarily the combinations found "in actual field conditions. 
It seemed desirable, therefore, to exte~d these studies to the 
field in order to determine the eXlact concentration of the various 
alkalis that prohibits growth in crops. A study of this kind also . 
gives considerable data on the ratio of different salts found in 
alkali soils of the State. 
Seven typical alkali sections were selected in different parts 
of Utah in an endeavor to have represented all the principal 
alkali areas of the State. In each of these areas an attempt 
was made to choose fields that were typical of the section. 
II. METHODS 
1. Taking the Samples 
In each case the field selected contained alkali spots varying 
from ten to one hundred feet in diameter where nothing was 
growing. 'l~hese spots were surrounded by areas where the crop 
grew but scantily and gradually merged into the parts of the field 
where a good crop was produced. 
An attempt was made. to obtain samples of soil typical of the 
*The author wishes to acknowledge his indebtedness to Messrs. 
D. W. Pittman and N. I. Butt for valuable services rendered in con-
nection with analytical work and calculating. 
1. Harris, F. S. Effect of Alkali Salts in Soils on the Germination 
and Growth of Crops. Jour. Agr, Research. Vol. 5. No.1. pp. 1-53' (1915). 
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bare spots; also of the parts of the field producing a good crop, 
and of those places surrounding the bare spots where about half 
a normal crop was being produced. The reason for this was 
that the bare sp'ots were known to contain more alkali than the 
crop could endure; the soil producing a good crop was known not 
to contain toxic quantities of salts; the places producing only about 
half a normal crop may be regarded as just on the border line 
of toxicity. -
Samples were taken to a deP.th of four feet, and in each case 
a composite of three borings was taken for analysis. That 
is,_ for the bare areas three typical bare spots were chosen and 
borings made in these with an auger, the soil from each foot of 
depth being kept separate. The same method was used in 
obtaining samples from the cropped part of the field. . Thes~ 
~omposite samples were placed in canvas bags and sent to the 
laboratory for analysis. 
2. Melthods of Analysis 
The soil OIll reaching the laboratory was put on papers in 
the sun and allowed to become air dry, when it was ground in an 
iron mortar and passed through a sieve. Fifty grams of soil 
were placed in a two-liter bottle with 1000 c. c. of distilled water 
and shaken vigorously for eight hours. It was allowed to 
settle over night, then filtered through a Chamberlain-Pasteur 
porcelain filter, the first 200 c. c. of the filtrate being discarded. 
In determining total soluble salts, 20 c. c. of the filtrate was' 
evaporated to dryness in an evapoI'lating dish over a steam 
bath. Weighings were made to tenths of milligrams. Chlorides 
were determined volumetrically, by titrating with 50 AgN03• 
using K ~Cr207 as an indicator. The chlorides are expressed 
. as sodium chloride. 
Carbonates were determined by adding ro H2 SO 4 to t.he 
filtrate, using methyl orange as an indicator. They were com-
puted as sodium carbonate. 
The sulphates were determined by precipitating with BaCl" 
and weighing as BaS04 • They are reported as sodium sulphat;. 
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III. DISCUSSION OF INDIVIDUAL COUNTIES 
1. Boxelder County 
In Boxelder County the samples were taken June 25, 1915 
in a wheat field of John Curle about one and one half miles 
west of the town of Corinne. This field had been cultivated 
under irrigation for quite a number of years, the wheat crop 
on the land being planted iII: 
the fall of 1914. In the better 
parts . of the field, compr ising 
about two thirds of the totaL 
the crop was fairly good and 
would probably . yield about 
twenty bushels t o the acre. 
Spots wh ere no crop was grow-
ing were scattered over the 
Fig. I.-Alkali spot in wheat field , 
Boxelder County, from which enti re field and varied in size 
sample was taken. from one to four rods In 
diameter. Around each bare spot there was a fringe wher e the 
crop was very poor. This gradually mer~ed into a good crop. 
Samples were taken in three typical bare spots and a 
composite sample made for each foot in depth. Composite 
samples wer e taken in a . similar mann er f rom typical places in 
the field where the best crop was grow'ng and also from ' the 
fr :nge around the bare spot where there was 'about half a crop. 
Thus. samples were obtained where there was no ~rop, wher e 
ther e was only about half a crop, and where there was a good . 
crop. 
The 'water table was encountered at three to four feet from 
the surface depending on the contour' of the land. 'me surface 
of the bare spots was usually slightly lower than that of 
the land producing better crops. On account of the water 
table, samples were taken to a depth of only three feet although 
in all the other counties the soil was sampled to a depth of 
four feet. 
Figure 2 gives in detail the .composition of the salts, the 
chlorides, carbonates, and sulphates in each case being expressed 
as sodium salts. An examination of this figure shows that in 
places where a good crop of wheat ~a~ growing the concentration 
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Fig. 2.-Distribution 'of salts in alkali soil in Boxelder County, Utah, 
June 25, 1915. 
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of salts was lowest at the surface and gradually increased with 
depth, while in the bare spots the highest concentration was 
found at a depth of two feet. 
The lack of vegetation seemed 
to be due primarily to the con-
centration of chlorides since 
the percentage ot carbonates 
and sulphates did not vary 
greatly under the three condi-
tions. 
Fig. 3.-Tanks filled with grain 'rhe places around the bare 
raised on alkali land reclaimed spots producing only medium 
by dra inage, Boxelder County. yields, contained from about 
5,000 p.p.m. (parts per mHlion) total salts in the first foot to near-
ly 9,000 p.p.m. in the third foot, the chlorides running about 
3,000 p.p.m. in the second and third feet. Thi~ may be taken as the 
approximate con centration .of these salts that will allow crops to 
grow, the yield doubtless being lessened by the alkali . 
. 2. Salt Lake County 
On July 3, 1915, samples were taken in the wheat field of 
Ralph Jenkins, about one quar-
ter mile south of IVlidvale, Salt 
Lake County. Composite sam-
ples were taken in the manner 
already described to a depth of 
four feet from bare spots, from 
parts of the · field producing a 
good crop, and from the injured 
fringes. In the bare spots 
a very " few small salt weeds Fig. 4.-Alkali spot in wheat field, 
( Jltrop l exJ were growing but Salt Lake County, from which 
sample was taken. 
no wheat. In the better parts of 
the field probably twenty-five bushels of wheat to the acre 
would be produced. The bare spots were decidedly elongated 
~ast and west, the land .draining to the west. The field had 
been irrigated for many years. 
Figure 5 gives the alkali content of these soils. It" shows 
8 Bui~LETIN NO. 145 
a high surface concentration of salts in the bare spots. _ This 
was probably due to the evaporation of seepage water which 
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Fig. 5.-Distribution of salts in alkali soil in Salt Lake County, Utah. 
July 3, 1915. 
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had carried a part of the salts from a distance. 'rhe chief 
salt IS the sulpbate although chlorides are fairly high. The 
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total salts, where crops were only medium, amounted to about 
5,000 p.p.m. while there were approximately 2,500 p.p.m. III 
the soil producing the best crops. 
3. 'Millard County 
In Millard County samples were taken on July 15, 1915, In 
the Turkey Red wheat field of Isaac Jacobs, ten or twelve miles 
north of Delta. The soil was a heavy clay loam and looked 
as if it would produce a forty bushel crop of wheat except on the 
bare spots which comprised about 5 per cent of the field. Com-
posite samples were taken to a depth of four feet from bare and 
cropped portions of the field in the manner already described. 
The field was under the irr:gation ditch and had been cultivated 
only a few years. The land in this locality is almost fiat. 
Results of the analysis of this soH are shown in Figure 6. 
~t will be noted that, even in the parts of the field where a gobd 
crop was growing, the concentration of total salts in the second 
foot ran up to 15,000 p.p.m. but this was mostly sulphates. 
In the bare spots the concentration was 35,400 p.p.m. This 
table shows that wheat will grow where there is over 2 per 
cent of salts in the ' soil if it is nearly all sulphates; but in this 
soil, as in the others, there is no crop ·produced if the chlorides 
run very high . . Carbonates were not found In la!,ge quantities 
in any of the soils that were examined. 
4. Cache County 
On August 6, 1915, samples were taken from a field grow-
ing Gold Coin wheat on the west side of Cache Valley just 
northeast of the crossing of the Benson-Trent.on and the Smith-
field-N ewton roads. About 15 per cent of this field was bare; 
the other parts of, the field would produce probably twenty 
bushels to the acre. ' rrhis land was dry-farmed and had never 
been irrigated. 
Figure 7 shows the distribution of salts at various depths in 
different parts of the field. Since this field had never been 
under irrigation; the distribution of salts has not been affected 
by the movement of irrigation water. The lower parts of the 
field where most alkali was ~ound, were covered with surface 
I 
• 
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flood water, however, a part of which remained on the field til] 
it evaporated~ In this field the principal salts were sulphates 
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although the chlorides were fairly high in the bare soil. III 
the soil w~th a medium crop the highest concentration was in 
the third foot were there were 42,830 p :p.m. of total salts with _ 
33,126 p.p.m. sulphates. In the bare soil the total salts com, 
posed over 6 per cent of the weight of the soil in the fourth ' 
foot. 
5. Emery County 
In Emery County, samples were taken on August 11, 1915, 
from th'e oat field of John W. Guyman three quarters of a mile 
southwe;t of Huntingto? ' The land had beep. III cultivation 
about thirty year.s,. Qut the 
alkali has been gradual}y get-
ting worse due to seepage from 
a shale knoll. 'rhe water table 
',:'as betwe'en two and three 
feet below the surface, but 
samples were taken four feet 
aeep from the bare and cropped 
portions of the .field in .the ·wan-' _ 
ner already~ described. A few ' Fig. 8.-Alkali destroying fence 
post, Emery County. 
cockleburs and one or ... two other 
~e~d~ ,were g~owirig 'i~ .parts of the bare spots, but no oats. 
In the pette~~, P~!ts . ~f th ~ fi eld,_ Qats ' we're about four feet high 
and would yield in the 11 ighb r'hood of seventy bushel to the 
acre, 
Figure 9 sho~vs 'l ~he r ul ts of analyses of this soil. The 
ehlorides and-carbonates are low in ach ca e and are about th e 
same for I all depth!;) and all' s,~mples. 'l'he total s.oluble aIts 
q,re ,'ery irregular at dif1erelft depths in the various places and 
ll<? even igrad~tion ~s , ~l}oyv~ , particularly where the alkali is 
high l !to~n ' ~_etermin~tior.s" by Stewart and Peterson! it is 
lmo\y~ tliat tbe ' soluble salts . in the. rock and soil of this part of 
Ea 'tern .. Utah are high.in nitrates: At the time the analyses 
r.erein reported wer·e made· it -w~s not convenient te> determine 
the ' nitrates in the· soil. · The?, are; however" known to be fairly 
, 1. Stewart,:. R." and ' Pet-erson,:·. Wm. · The Nitric Nitrogen Content 
in the Country Rock, Utah Station :But ~No. 134 (1914) pp. 421-465. 
j 
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high in the soils reported from Emery, Carbon, and Duchesne 
counties. This should be kept in mind in interpreting the results 
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Fig. 9.-Distribution of 'salts in ' alkali 'Soil in Eme'ry 6ounty;~ 'Ut'ah, 
August 11, 1915. 
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from these counties, especially ince the nitrates have been found 
by the author (loc. cit. ) to be very similar to chlorides in toxicity. 
6. Carbon County 
Samples were taken on August 12, 1915 from the alfalfa field 
of Albert Pace, which ' is about three miles southeast of Price 
on the bench under the Price River Irrigation Company's canal. 
rrhis land had been broken two years. In 1914 alfalfa wa 
planted wlth oat. Bare spots 
cov red about one third of the 
field. In many -of these ' bare 
spot alkali bad crystallized at 
tbe urface, forming in some 
pIa e a brown crust. The 
oi l wa of a andy-clay texture 
and , Ta rather compa t. The 
sub-soH wa v ry dry to the 
Fig. lO . .!....-Alkali spot in aHa'fa field , depth of the ampling-four 
Carb on County, from which 
sample was taken. f t . A1falfa was about two 
feet high at th tim e th amp} s were taken. 
It will be noted in Figure 11 that the total soluble salts 
even in the bare soil ran but little ov r 7,500 p.p.m. Where the 
best a1falfa was growing, th concentration was only about · 
2,500 p.p.m. down to th third foot. The hicrh toxi ity of these 
alts may be due to th pre nc of 11 itrate~ ref rred to und I' 
the discu ,ion of Emery . ounty. 
7. Duchesne County 
In the T inta Ba ill, sample were taken on Augu t 14, 1915, 
from the oat field of George Pi ckup, two and one-half miles 
northeast of Roosevelt. The field bad been in cultivation about 
eight y ars raising alfalfa mo t of that time. In 1914 the 
alfalfa wa plow d up and wl. eat planted. rrhe alkali spots 
began to how in 1914 and w re due to th epacre of irrigation 
water from bigher land. Composite ample. were taken 'fo a 
depth of four f et from differ nt part of the field in the man-
ner already described. 
H1i~ure 12 shows a concentration of about 2,'500 p.p.m. total 
! 
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salts in the best parts of the field and about 12,500 p .p.m. in the 
bare soils . It wHl be noted that the chlorides, sulphates, and 
carbonates do not comprise n early all of the total salts. It is 
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F ig. n.-Distribution of salts in alkali soil in Carbon County, Utah, 
August ·12, 1915. 
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probable that a large part of the remainder consists of nitrates 
as previously suggested. 
f- Po.-t.3 of Field He" ..... ' ........ Best Ct-op 
I Pori.!> of ''''9.-e~,·et"!t~ 'n 1,000.000 f'o ..... t s o f so,l 
~ _ ___ 0T-'rrr~_....;5:::.0:r:0:...:O:-.-~_~1 =.10 "10.::...0.::...0_,--_'....:;!Y-'-i.0_0_O_--.-_2._0,.O_OO_-,_2.5'OO 0 
Depth of 
soil 
I f1' F4J-R---+----+---t---+---t----+---j--t---1 
~tt~~~~_-~-_+--+_ __ _+--~-~--7--~_~ 
~---I-I -+-' I-----r--+--+--I H-j 
R t at- .s 0 f F ' I .e d H aV't"1~ M cI e ,un--. c "0 p 
Pa ... t-.!> .ot ,n1reQ,·."t:s i., 1000000 l"0.-to5 01 sad I 
0 poo ,0,000 'sP0o ::lOpoo ::l spo 0 
Depth of 1\ ~~)r ~oil \~ ~ ... 1ft r'~j,~ ~ 
~+t-l!l:~,' )( ,'1'5 ..... i:'~,: ~\j\ \ 
I ~ ~ •• A\><>~ j 3 'H . \ i ~ 
+ft 1\ 1/ 
R l' (::t to- oS 0 f fj ' Id H ,e av ,n C). N 0 c t"'op 
Po .. t.s 0+ ,·nq .. e d,et"!t.& ,t"! 1,000.000 po ... 1 oS of .:sO I I 
° 
5poO .0.00 (j l:Jp 00 ;lopoo :lSpOO 
De pth of a lit 
50; I I~ ::1.\'\11 "i 1ft -, .-t---
.1 !2' 'l- a. 
10 i 
-Ii' .4j I ;2ft 
iD if ~'ID"'" 0-1 
..... I~ '" _l(D'~ 
" 
3 t-t- f-~+ , 
-;7 ~ 4H' r : 
. 
Po ' 
Fig. 12.-Distribution of salts in alkali soil in .Duchesne County, Utah, 
August 14, 1915. 
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IV DATA FROM AVERAGES 
. 
In Table I a summary is made of the composition of the soil 
t~ a depth of four feet. In the curves that have been given the 
results are . shown for each foot, but in this table the average 
for all .the feet is given. 
TABLE I-SUMMARY .o F T OT A L SOLUBLE SALTS, CHLOR I DES" 
CARBOI'iATES, ANID SULPHATES IN ALKALI SOILS. 
AVERAGE TO A DEPTH OF FOUR FEET. PARTS 
PER M I LL IO N OF DRY SOIL 
Parts of field producing best crop. 
'rotal 
Soluble 
Counties Salts Chlorides Carbonate Sulphate::; 
Boxelder 4,806 1,485 1.983 711 
Salt Lake 2,440 545 c::: 2,334 
Millard 10,852 640 141 9,795 
Cache 5,792 1,573 1.5P~ 2,539 
Emery 6,241 1225 1102 2,879 
Carbon 2934 ~16 55 . 1,402 
Duchesne 2,547 633 721 1,168 
Average 5,089 1136 2,975 
Parts of ReId pro'durinO' med:um Cl'Op. 
Boxelder 7,075 3 021 1.727 543 
Salt Lake 4228 7- 792 . 1,812 
Millard 18,325 3, 77 1,271 13,238 
Cache 17,21 2.541 13,126 
Emery 8,601 1,297 699 4,200 
Carbon 2,956 64:8 92 1,281 
Duchesne 6,43 76 996 2,256-
. Average 9,263 1,762 1,038 5,208 
Boxelder 10,079 6;769 1. 74 1,154 
Salt Lake 6,938 2,045 689 3,636 
Millard 21,488 6,2 9 1, 75 13,304 
Cache 30,148 3.5 5 795 2!3,027 
Emery 14,296 1,259 -93 6,198 
Carbon 7,028 1,314 199 1,732 
Duchesne 10,805 1853 714 2,743 
Average 14,397 3,302 1,219 7,399 
An examination of Table I shows the total oluble salts in 
the parts of the fields producing best crops to vary from 2,440 
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_p.p.m. In Salt Lake County to 10,852 p.p.m. in Millard County 
with an average of 5,089 for all seven counties. The parts of 
the field where the yield had been reduced . to about half what 
it was in the better places varies in total soluble salts from 
2,956 p.p.m. in Carbon County t o 18,325 p.p.m. in Millard 
County, with an average of 9,263 p.p.m. for all the coimties. 
The .total salts varied in ' the bare places from 6,938 p.p.m. in 
Salt Lake County to 30,148 p.p.m. in Cache County with an 
average of 14,397 p.p.m. There is considerable variation in 
the chlor ides and carbonates, but very much more in the sulphates, 
the latter running as Iowa 543 p.p.m. in Boxelder County and 
as high as 23,027 in ,Cache County. 
TABLE II-TOTAL SOLUBLE SALTS, CHLORIDES, CARBONATES, 
AND SULPHATES IN ALKALI S~ILS IN PARTS PER MI.LLlON 
OF DRY SOIL. AVERAGE OF SEVEN COUNTIES. 
'I'otal 
Soluble Car- Sul-
_ yepth Salts Chlorides bonates phates 
1st ft. ' 3,040 715 1,038 1,813 
Part of field 2nd f t . 5,257 891 1,166 3,276 
producing be ·t 3rd ft . · 6 223 1,036 1,.230 . 3,593 
crop. 4th f t. 6,001 1,081 965 3.637 
Average 5,130- 931 1,100 3,080 
1st ft. 7,718 1,323 1,005 4,335 
Part of field 2nd .ft .. 8,359 1,896 1,039 4,440 
producing 3rd ft. 13,149 2,048 1,011 8,12,1 
medium crop. 4th ft. 8,749 1,978 1,013 5,121 
Average 9,494 1,811 1,017 5,505 
- 1st ft. 13,155 3,280 1,673 5,308 
Part of field 2nd ft. 14,154 4,917 1,234 6,719 
pr0ducing no 3rd ft. 14,247 2,622 971 6,011 
crop. 4th ft. 17,025 1658 857 11,622 
Average 14,645 . 3,119 1,184 7,415 
Tal5le II shows an average of the alkali salts in the soils 
from all seven counties separated according to the crop and the 
depth; and Table III shows the same thing except that the four 
. counties in the Great Basin are grouped together and the three 
counties in the eastern part of the State are placed in another 
group. 
The reason for this s~I>aration is that the soils of the two 
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general regions ' were formed in a different manner and from 
material that is entirely different as explained by Stewart and 
Peter son in the bulletin already referred to. 
TABLE III-TOTAL SOLUBLE SALTS, CHLORIDES, CARBONATES, 
AND SULPHATES IN ALKALI SOIL. AVERAGE FOR COUNTIES 
IN THE GREAT BASIN AND FOR THOSE IN EASTERN 
UTAH. PARTS PER MILLION OF DRY SOIL. 
Average for Boxelder, Salt Lake, Cache, and Millard Counties. 
Total 
Soluble Car- Sul-
Depth Salts Chlorides bonates phates 
-
1st ft. 3,028 597 1,169 2,075 
P arts of field 2nd ft. 7,183 951 1,516 4,800 
producing best 3rd ft. 7,609 1,304 1,647 4,884 
crop. 4th ft . 6,492 1,362 1,264 4,588 
Average 6,078 1,054 1,399 4,087 
1st ft. 8,756 1,577 1,146 5,840 
Parts of field 2nd ft. 10442 2,640 1,209 6,059 
producing 3rd ft. 19,160 2,908 1,191 12,29!) 
medium crop. 4th ft. 8,958 2,212 936 5,852 
Average 11,829 2,334 1,121 7,512 
1st ft . 15,103 4,617 1,925 6,634 
Parts of field 2nd ft. 16,904 7,508 1,198 9,307 
producing no 3rd ft. 15,755 3,359 1,105 10,148 
crop. 4th ft. 24,823 2015 717 14,744 
Average 18,146 4,375 1,236 10,208 
Average for Carbon, Emery, and Duchesne Counties. 
1st ft. 3,055 874 864 1,464 
Parts of field 2nd ft. 2,688 812 699 1,243 
producing best 3rd ft. 4,376 679 674 1,871 
crop. 4th ft. 5511 800 667 2,687 
Average, 3,907 791 726 1,816 
1st. ft . 6,334 985 817 2,328 
P arts of field 2nd ft. 5,583 904 812 2,281 
producing 3rd ft. 5,468 901 772 2,597 
medium crop. 4th ft. 8,436 1,131 1,128 4,025 
Average 6.455 980 882 2,808 
ist ft. 10,886 1,498 1,336 3,540 
P arts of field 2nd ft. 10,487 1,462 1,283 3,270 
pr oducing no · 3rd ft. 12,237 1,640 792 3,836 
crop. 4th ft. 9,227 1,301 996 3,584 
Average 10,709 1475 - - 1,102 3,558 
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The . differences in composition o-f the alkali of the two 
regions is brought out fairly well in rrable III. It wili be noted 
that the toxic limits for total salts are considerably lower in 
the eastern counties probably on account of the fact that the 
sulphates con titute a comparatively small part of the total. 
V. SUMMARY 
1. Alkali determinations were made in soil from seven 
counties in Utah. Samples were taken from typical alkali spots, 
from parts of the same field producing good crops, and from 
places surroupding the bare spots where only about a half crop 
was produced. 
Fig. 13.-Machine used to dig drain trenches in reclaim-
ing alkali land. 
2. Determinations were made of total soluble salts, 
chloddes, c~rbonates, and sulphates in these soils to a depth of 
four feet. 
3. Curves are given showing the distribution of the differ-
ent salts at various depths in each soil. 
4. The highest concentration and the location of salts was 
, found to vary considerably; in some soils jt was found III the 
surface foot, while in others it was two, three, or four feet below 
the surface. 
• 
5. Taking an average 6f all seven counties, good crops 
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Fig. 14.-Drain trench in alkali Fig . . 15.-Water running from alkal~ 
land ready for the tile. land through drain. 
grew where there were 5,089 p.p.m. total soluble salts, but no 
corps grew where there were 14,397 p.p.m. of salts. There was 
about half a crop where the total salts were 9,263 p.p.m. 
6. As an average of the three counties where sulphates 
were low, no crops were produced with a concentration of 
10,709 p.p.m. of salts, while there was only half a crop with 
6,455 p.p.m. 
7. A study of the individual curves shows just about the 
toxic limit of alkali salts under field conditions where the salts 
indicated are present. 
